Introduction
Much work has been performed to identify cancer testis (CT) antigens as potential therapeutic and prognostic targets in tumors. CT antigens are promising targets because they are highly immunogenic and because their expression is highly restricted to cancer cells. To date, over 1000 serological analysis of recombinant cDNA expression library-defined antigens have been identified (1) . However, the exact functions of many of these antigens are unknown; instead, they have been ascribed general functions, such as cell signaling, transcription, translation and chromosomal recombination (2, 3) . CT antigens potentially represent defined targets for antigen-based diagnosis, vaccination and antigen-directed immunotherapy; as a result, these CT antigens are now a primary focus in the area of tumorimmunology (4, 5) .
Using the approach of serological analysis of recombinant cDNA expression libraries, which is based on immunoscreening of tumor cDNA expression libraries with the autologous sera from tumor patients (6) , one gene was identified named OVA66, which is homologous to human chronic myelocytic leukemia antigen CML66. We also showed OVA66 was capable of eliciting both humoral and cellular immune responses (7, 8) . Silencing of ovarian cancer-associated antigen 66 (OVA66) in HeLa cells inhibited tumorigenesis both in vitro and in vivo (9) . Thus, we hypothesize that OVA66 is a novel CT antigen that may be a valuable target for cancer therapy. Although we have proved that OVA66 functioned as a novel CT antigen in cancer, the mechanisms of OVA66 in process of tumorigenesis was still unclear.
We examined expression of OVA66 in several cancer cell lines and found that it was generally overexpressed in almost all the cancer cells, compared with normal cell lines such HEK293 and NIH3T3 cells. The result was exactly consistent with our previous studies on expression patterns of OVA66 in cell lines and cancer tissues (7) , and the results of tissue expression of CML66 gene (8) . Stable knockdown of OVA66 in the ovarian cancer cell line SKOV3 led to decreased tumor growth, potentially via inhibition of type I insulin-like growth factor receptor (IGF-1R)-extracellular signal-regulated kinase 1/2 (ERK1/2) signaling. The findings that IGF-1R-ERK1/2 signaling was regulated by OVA66 were also seen in the OVA66 gene stably transfected ovarian carcinoma cell line HO8910 cells, as well as OVA66 gene transiently transfected HEK293 cells. Furthermore, inhibition of IGF-IR, either with Linsitinib (OSI-906) or small interfering RNA (siRNA), attenuated the OVA66-mediated increase in proliferation, invasion and survival in HO8910 cells. Although IGF-IR inhibition attenuated these characteristics in control SKOV3 cells, it had no effect in cells with OVA66 knockdown. Taken together, these data support that OVA66 and IGF-IR signaling pathway may be significantly correlated and functioning in a common pathway. In addition, IGF-1R has been shown to interact with murine double minute 2 (MDM2) and be critical for tumorigenesis (10, 11) . The work we present here links OVA66 to these important factors and elucidates a new role for OVA66 in tumorigenesis.
IGF-IR has recently emerged as a bona fide clinical target for cancer treatment (12, 13) . Some studies have also shown that IGF-IR inhibition is especially useful in attenuating the growth of tumors harboring KRAS mutations (14) . Several therapies to inhibit IGF-IR signaling, including antibodies and small molecule tyrosine kinase inhibitors, have been developed (13) , but the outcomes, especially in phase III clinical trials, have been largely disappointing (15) . Although the exact mechanisms of therapeutic resistance in each case are unclear, several explanations have been proposed, including insulin receptormediated resistance (16, 17) , downstream ERK1/2 signaling activation and IGF-IR receptor downregulation (18) . We previously reported that the oncogene MDM2 was downregulated after silencing OVA66 in HeLa cells (9) . Additionally, OVA66 affects IGF-1R-ERK1/2 signaling, probably via its regulation of MDM2, which functions as an E3 ubiquitin ligase for IGF-1R (19) (20) (21) . Here, we focus on the role of the novel oncoprotein OVA66 in regulating cancer cell proliferation, invasion and survival. Additionally, we propose that OVA66 is a new diagnostic and potentially therapeutic target in cancer. Biological Sciences, Chinese Academy of Sciences, routinely maintained in the laboratory and cultured in Dulbecco's modified Eagle's medium (HyClone) supplemented with 10% fetal bovine serum (FBS, Invitrogen). Cells were transduced either with retrovirus harboring OVA66-specific short hairpins RNA (OVA66-shRNA) or control shRNA (NC-shRNA) in the presence of 4 ug/ml polybrene. For selecting stably transfected cells, cells were cultured in medium with an appropriate concentration of puromycin (Invitrogen) for 3 days. Puromycin-resistant cells were isolated, cultured in medium containing half the original concentration of antibiotic and expanded for subsequent study.
Materials and methods

Cell
Plasmid construction and establishment of OVA66-overexpressing HO8910 cells
The plasmid pIRESpuro-OVA66 was constructed by inserting OVA66 gene made by PCR amplification of HeLa cDNA into the pIRESpuro3 vector (Invitrogen) at the EcoRI and NotI sites. HO8910 cells were then transfected with 4 ug recombinant plasmid pIRESpuro-OVA66 or empty vector using Lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions. Forty-eight hours later, to select stably transfected cells, 1.5 ug/ml puromycin (Invitrogen) was added to the medium and maintained for 3 days, at which point the puromycin-resistant cells were isolated and expanded in medium containing 0.7 ug/ml puromycin for another week. The plasmid pIRESpuro3 and pIRESpuro-OVA66 were also used to transiently transfect HEK293 cells using Lipofectamine 2000 according to instructions. The expression of OVA66 in these stably or transiently transfected cells was determined by western blot.
Cell Counting Kit-8 assay and cell invasion assays
We measured proliferation by performing a Cell Counting Kit-8 assay. Cells (5 × 10 3 per well) were plated in 96-well plates and cultured in medium supplemented with 0.5% FBS for 24 h. Then, at the indicated times, 10 μl of the Cell Counting Kit-8 (Dojindo, Kumamoto, Japan) reagent was added to each well for 2-h incubation at 37°C in a humidified CO 2 incubator before measuring optical density at 450 nm with a microplate reader (SpectraMax M5, Molecular Devices). All experiments were performed in triplicate.
For invasion assays, 2.5 × 10 5 cells suspended in 500 µl of Dulbecco's modified Eagle's medium (DMEM) or DMEM containing 1 uM Linsitinib (IGF-1R inhibitor) or the vehicle dimethyl sulfoxide without serum were seeded in the upper chambers coated with BD Matrigel Basement Membrane Matrix (BD BioCoat Matrigel™ Invasion Chambers, BD #354480). The chambers were then inserted into a 24-well plate filled with 750 µl of medium containing 10% FBS and incubated for 16 h (PLC/PRF/5, SKOV3, HO8910) or 12 h (MDA-MB-231) at 37°C in a humidified CO 2 incubator. Then, non-invading cells remaining on the upper surface of the membranes were removed by wiping with a cotton swab. Cells attached to the lower surface were fixed with 4% formaldehyde and stained in a dye solution containing 0.05% crystal violet. Cells on the lower surface of the filter were counted in a total of six random fields under a light microscope (Olympus, Shanghai China) and three random fields were photographed under an inverted microscope (Axio Observer, Zeiss) at ×20 magnification (for PLC, MDA231) or ×10 magnification (for SKOV3, HO8910).
Tumor growth in nude mice
Five-week-old BALB/c nude mice (Shanghai SLAC Laboratory Animal Co. Ltd, Shanghai, China) were used to examine the tumorigenicity of SKOV3 cells stably transfected with either a control hairpin (NC) or with shRNA targeting OVA66. SKOV3-NC-shRNA and SKOV3-OVA66-shRNA cells suspended in physiological saline were subcutaneously injected into the bilateral axillary fossa of nude mice (3 × 10 6 cells per side) separated into two groups (four mice per group), "Con group" inoculated with SKOV3-NC-shRNA cells and "KD group" inoculated with SKOV3-OVA66-shRNA cells. Tumor size was monitored every 5 days using a caliper during a month and the width (the short diameter) and length (the long diameter) were recorded. The volume was then calculated by the formula, V = width 2 × length/2 (mm 3 ). After then, the mice were killed by Euthanasia approach of Cervical Dislocation and tumors were removed, weighed, either frozen in liquid nitrogen or fixed in formalin and embedded in paraffin before being sectioned for subsequent analysis by immunohistochemistry (IHC) and hematoxylin and eosin staining. All animal protocols were reviewed and approved by the China Institutional Ethics Review Committee for Animal Experimentation.
Samples from SKOV3-NC-shRNA and SKOV3-OVA66-shRNA cells xenografted tumors were used for immunohistochemical staining of OVA66, p-IGF-1R, p-ERK1/2 and p-Hsp27 ser82 expression. Antibodies used to detect p-IGF-1R and p-ERK1/2 were from Cell Signalling technology; p-Hsp27 ser82 were from Epitomics (Abcam Company) and OVA66 antibody for IHC detection was prepared by our own lab (22) . The secondary antibodies against mouse or rabbit immunoglobin G were supplied in an IHC kit (#GK600505) from Gene Tech Company Limited (Shanghai, China).
Receptor tyrosine kinase and mitogen-activated protein kinase signaling antibody array
These experiments were performed by Wayen Biotechnologies (Shanghai), using the FullMoon BioSystems Antibody Microarray (PST228 and PMK185; Full Moon BioSystems). Briefly, equal numbers (2 × 10 6 ) of SKOV3-NCshRNA cells and SKOV3-OVA66-shRNA cells were cultured in serum-free medium for 16 h and treated with 10% FBS for 1 h. Cells were then washed with cold phosphate-buffered saline (PBS) and lysed in 300 μl of extraction buffer. Proteins from whole-cell extracts were biotinylated before being spotted on a microscope slide chamber that had various antibodies bound to its surface. Cy3-streptavidin was added, and fluorescence was detected with a microarray scanner (GenePix 4000B, Axon Instruments). The RayBio Human RTK Phosphorylation Antibody Array 1 (RayBiotech) was also used for identifying the relative levels of phosphorylation of 71 different human receptor tyrosine kinases (RTKs) in cell lysates of HeLa-NC-shRNA and HeLa-OVA66-shRNA cell lines treated similarly as above. All experiments were performed according to the manufacturer's instructions. The signal intensities were quantified with Photoshop CS 2 software. Positive and negative controls were used to normalize the results from the two membranes being compared.
Cell stimulation and cell lysate preparation
Cells were cultured in regular growth medium containing the appropriate concentration of puromycin. Cells were washed with PBS and serum-deprived for 16 h. Medium was then replaced with serum-free medium containing the indicated concentration of IGF-1 or FBS for the times indicated in each figure. Cells were washed twice with ice-cold PBS and lysed in M-PER (Pierce) reagent containing 1× Protease Inhibitor Cocktail and 1× Phosphatase Inhibitor Cocktail (Pierce).
Western blot
Whole-cell lysates were prepared in M-PER (Pierce). The total protein concentration was determined using a BCA Protein Assay Reagent Kit (Pierce) according to the manufacturer's instructions. Thirty micrograms of protein were separated on a 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis gel and transferred onto a polyvinylidene difluoride membrane (BioRad). Membranes were blocked for 1 h at room temperature and incubated overnight with primary antibodies at 4ºC. The membrane was then washed 3 times with Tris-buffered saline with Tween (1× Tris-buffered saline buffer + 0.1% Tween-20), incubated with horseradish peroxidase-conjugated secondary antibody (KPL company) for 1 h at room temperature and detected with enhanced chemiluminescence reagent (Millipore). The following primary antibodies were used: monoclonal anti-OVA66 (1B10/C5; prepared by our lab); p-IGF-1R (#3024), phospho-p44/42 mitogen-activated protein kinase (MAPK; Erk1/2; #4370), p44/42 MAPK (Erk1/2; #4695), p-Akt (Ser473; #4060) and Akt (#4685; Cell Signaling Technology); IGF-IRβ (#sc-9038), anti-ubiquitin (#sc-8017), anti-MDM2 (#sc-965) and anti-p53 (#sc-126; Santa Cruz); p-Hsp27 (pS82) (#7351-1; Epitomics); monoclonal anti-glyceraldehyde 3-phosphate dehydrogenase (GAPDH; #G8795; Sigma) and β-ACTIN (Catalog #3598-100, BioVision) antibody.
IGF-1R-siRNA and real-time PCR
We used three siRNAs to target IGF-1R; sequences are siRNA-1: 5′-GGAGA GAACUGUCAUUUCUTT-3′ and 5′-AGAAAUGACAGUUCUCUCCTT-3′, siRNA-2: 5′-GGAGUCUUCACCACUUACUTT-3′ and 5′-AGUAAGUGGUG AAGACUCCTT-3′, and siRNA-3: 5′-GCGGUGUCCAAUAACUACATT-3′ and 5′-UGUAGUUAUUGGACACCGCTT-3′, which were purchased from GenePharma (Shanghai, China). The transfection procedures were performed with lipofectamine 2000 reagent (Invitrogen) according to the manufacturer's specification. The following real-time PCR primers were used in our studies: OVA66: 5′-TGCTATTGAGCCTGATGG-3′ and 5′-CTGGAAGCCGTATGG TTA-3′; GAPDH: 5′-GAAGGTGAAGGTCGGAGTC-3′ and 5′-GAAGATGG TGATGGGATTTC-3′; MDM2: 5′-GAATCATCGGACTCAGGTACATC-3′ and 5′-TCTGTCTCACTAATTGCTCTCCT-3′; p53: 5′-GAGGTTGGCTCTGA CTGTACC-3′ and 5′-TCCGTCCCAGTAGATTACCAC-3′; IGF-1R: 5′-GCCG CCACTACTACTATGC-3′ and 5′-CAGAAGTCACGGTCCACA-3′. Firststrand cDNA was synthesized using the RevertAid First Strand cDNA Synthesis Kit (Fermentas). Real-time PCR was performed using SYBR Premix Ex Taq kit (TaKaRa, Dalian, China) and run in an ABI 7500 Fast system (ABI). The real-time PCR results were analyzed using delta CT method. Expression of GAPDH was used as an internal control.
Flow cytometry analysis of apoptosis
The extent of apoptosis was measured using an AnnexinV-Cy5 apoptosis detection kit (BD Corporation) according to the manufacturer's instructions. Cells were treated as indicated in the figure legends. After being trypsinized, cells were washed twice with cold PBS and gently resuspended in 400 μl binding buffer. Next, we added 5 μl of Annexin V-Cy5. Samples were gently vortexed, and cells were incubated in the dark for 10 min. We next added OVA66 increases cell growth, invasion and survival 3 μl of propidium iodide to each tube and incubated for another 5 min in the dark. Finally, samples were analyzed using an Accuri C6 flow cytometer (BD Corporation). Cells in the right quadrant represented apoptotic cells.
Immunoprecipitation
Treated cells were lysed as described previously. To 200 μg of protein from whole-cell extracts, 20 μl of protein G agarose beads (Pierce) and 1 μg of IGF-1R antibody were added. After overnight incubation at 4ºC on a rotator platform, the immunoprecipitates were collected by centrifugation at 3000g for 1 min, and the supernatant was discarded. The beads were then washed 5 times with lysis buffer and dissolved in loading buffer for western blot analysis.
Statistics
Results are given as mean ± SEM. Data were analyzed by two-tailed Student's t-test. P values < 0.05 were considered to be statistically significant. Calculation was performed using GraphPad Prism software version 5.01.
Results
OVA66 increases proliferation and invasiveness in several cancer cell lines in vitro
The novel CT antigen OVA66 was identified in an ovarian cancer cDNA expression library using the serological analysis of recombinant cDNA expression library approach. OVA66 has been shown previously to be overexpressed at both the messenger RNA (mRNA) and the protein levels in many tumor types (7) . To confirm this in our own studies, we measured OVA66 protein expression in a panel of cancer cell lines using a mouse monoclonal antibody developed in our own lab (named 1B 10 C 5 ), which is proved to be applicable in detecting the expression of OVA66 protein (Supplementary Figure S1A , available at Carcinogenesis Online). Most of the cancer cell lines we examined had elevated levels of OVA66 compared with the normal cell lines such as peripheral blood mononuclear cells (Supplementary Figure S1B , available at Carcinogenesis Online), HEK293 and NIH3T3 cells although Wish and Chang Liver cells also expressed OVA66 ( Figure 1A) . Then, we used two shRNA to stably knockdown OVA66 in HeLa, PLC/PRF/5, MDA-MB-231 and SKOV3 cells lines that expressed a high level of OVA66 protein ( Figure 1B) . For the PLC/PRF/5 and MDA231 cell lines examined, the two OVA66 knocked down cells exhibited a decreased proliferation and invasiveness ( Figure 1C) , which is consistent with the findings in HeLa cells (9) . As the two shRNA-transfected cell lines showed the similar consequences, we then studied shRNA-1-transfected SKOV3 cells and another ovarian cancer cell line HO8910 transfected with OVA66 gene due to its relatively lower expression level of OVA66 compared with SKOV3. Consistent with our findings in PLC/PRF/5 and MDA-MD-231, OVA66 promoted SKOV3 and HO8910 cell proliferation and invasiveness in vitro ( Figure 1D ). These data support a role of OVA66 as a novel oncogene regulating the process of tumorgenesis in several cancer cell lines.
Knockdown of OVA66 attenuates both FBS-and IGF-1-mediated activations of the IGF-1R-MAPK signaling pathway
To examine the mechanism by which OVA66 promotes the tumorigenesis in cervical carcinoma cell line HeLa and ovarian carcinoma cell line SKOV3, we performed a phospho-proteomics-based study using a phospho-antibody microarray, which provides a high-throughput protein analysis. We tested platform for assessing the phosphorylation status of the two cell lines (SKOV3 and HeLa) by this method. Lysates from both control and OVA66-shRNA-1 cells were analyzed on the RTK Pathway Phosphorylation Antibody Array Moon Bio-Systems and RayBiotech Human RTK Phosphorylation Antibody Array (Full Array 1). As shown in Figure 2A , both Hela-OVA66-shRNA and SKOV3-OVA66-shRNA cells showed a reduction in phosphorylated IGF-1R, compared with their respective controls. We confirmed these findings by western blot for phospho-IGF-IR following shRNA-mediated knockdown of OVA66 in HeLa, MDA-MB-231, SKOV3 and OVA66 gene-transfected HO8910 cells. Both of the shRNA-transfected HeLa cells, MDA-MB-231 and SKOV3, showed a reduction in phosphorylation of IGF-1R and ERK1/2 under IGF-1 stimulation, whereas OVA66 overexpressed HO8910 cells showed an increased level of p-IGF-1R and p-ERK1/2 ( Figure 2B ). We then used the shRNA-1-mediated OVA66 knocked down cells to study if OVA66 could also influence the FBS-mediated IGF-1R-ERK1/2 activation in these cells. Our data showed that under FBS condition OVA66 was able to influence the level of p-IGF-1R and p-ERK1/2 ( Figure 2C ). Besides, OVA66 overexpressed HO8910 cells also showed an upregulated level of p-IGF-1R and p-ERK1/2 under FBS stimuli (Supplementary Figure S2 , available at Carcinogenesis Online). Based on these data, we hypothesize that OVA66 influences tumorigenesis, at least in part, via the IGF-1R-ERK1/2-MAPK signaling pathway.
Silencing OVA66 in SKOV3 cells inhibits tumor growth in vivo
Because depletion of OVA66 in SKOV3 cells decreased proliferation in vitro, we wanted to examine if the same was true in vivo. We performed xenograft studies in nude mice separated into two groups (n = 4 per group) by injecting the SKOV3 control cells or OVA66-shRNA (shRNA-1) cells into the bilateral axillary fossa of nude mice before monitoring tumor growth for 30 days. Both the average tumor volume over 30 days of measurements and the average tumor weight of four tumors between the two groups were recorded. Tumors from mice inoculated with SKOV3-OVA66-shRNA cells were significantly smaller than tumors from mice injected with control cells (Figure 3A and B). Mice were killed 30 days after injection, and paraffin-embedded tumor sections were examined histopathologically ( Figure 3C ) and immunohistochemically ( Figure 3D) . Tumors from the SKOV3-OVA66-shRNA group were practically negative for OVA66 expression, confirming successful knockdown; cells from this group also showed decreased levels of phosphorylated IGF-1R and ERK1/2 ( Figure 3D ). Thus, our IHC results validated our in vitro findings showing that knockdown of OVA66 in SKOV3 cells inhibited IGF-1R and ERK1/2-MAPK signaling.
MAPK antibody array shows decreased pHsp27 in SKOV3-OVA66-shRNA cells
Our initial findings showed that OVA66 regulates the ERK1/2-MAPK signaling pathway. Therefore, we performed a secondary antibody microarray to detect the phosphorylation of proteins involved in MAPK signaling (Full Moon Bio-systems Antibody microarray). We identified proteins whose phosphorylation levels were decreased by at least 1.5-fold when OVA66 was stably knocked down in SKOV3 cells. Many of the proteins meeting this cutoff, including Elk-1, 
OVA66 increases cell growth, invasion and survival
Hsp27, Pyk2, apoptosis signal-regulating kinase 1 (ASK1), c-Kit, c-jun N-terminal kinase, activating transcription factor 2 and ERK1/2, are well known to be involved various tumorigenic processes, such as invasion, metastasis and apoptosis ( Figure 4A ). We performed immunoblotting to confirm that knockdown of OVA66 in SKOV3 cells resulted in decreased IGF-1-mediated phosphorylation of ERK1/2 and Hsp27 ( Figure 4B) . Consistent with our knockdown findings, overexpression of OVA66 in either HO8910 or HEK293 cells increased phosphorylation of ERK1/2 and Hsp27 ( Figure 4B and C) . These findings were also confirmed by IHC for p-Hsp27 (Ser82) level of tumor sections from nude mice inoculated with either SKOV3 control cells or SKOV3/OVA66-shRNA cells ( Figure 4D ). These data suggest that OVA66 may function through affecting the phosphorylated level of ERK1/2-Hsp27 to regulate tumorigenesis.
Inhibition of IGF-1R by siRNA and the inhibitor Linsitinib both inhibited the OVA66 upregulated and downregulated cell growth, invasive and antiapoptotic capacities
We next sought to determine if IGF-IR is a critical downstream mediator of OVA66 function. We successfully depleted IGF-IR protein levels using three different siRNAs (Supplementary Figure S3 , available at Carcinogenesis Online); siRNA-1 appeared to be the most effective of the three. The siRNA-mediated knockdown of IGF-IR significantly inhibited IGF-1-mediated activation of ERK1/2 and Hsp27 in SKOV3 cells (Supplementary Figure S4 , available at Carcinogenesis Online). Similarly, inhibition of IGF-1R with the small molecule inhibitor Linsitinib (23) also reduced phosphorylation level of ERK1/2 and Hsp27 ( Figure 5A ). OVA66 increased cellular proliferation of both SKOV3 and HO8910 cells under normal cultivated or control conditions by adding same volume of dimethyl sulfoxide. However, this effect was attenuated in the presence of 1 uM Linsitinib ( Figure 5B ). OVA66-mediated cell invasion was also inhibited by both IGF-1R-siRNA and Linsitinib ( Figure 5C and Supplementary Figure S5 , available at Carcinogenesis Online). We also found that OVA66 promotes resistance of both cell lines to apoptosis induced by multiple stimuli, including nutrient deprivation (Supplementary Figure S6 , available at Carcinogenesis Online) and 5-fluorouracil; treatment with Linsitinib was able to attenuate this effect, regardless of OVA66 expression ( Figure 5D and Supplementary Figure S7 , available at Carcinogenesis Online). These data support the fact that OVA66-mediated SKOV3 and HO8910 cell proliferation, invasion and survival are dependent on activation of IGF-1R and possibly downstream ERK1/2-Hsp27 signaling.
OVA66 and MDM2 are coexpressed in cancer cells and regulate ubiquitination of IGF-1R
MDM2 is an ubiquitin ligase of IGF-1R (19) , and IGF-1R signaling is, probably, controlled by ubiquitination of the receptor (20) . Previous reports have shown that OVA66-depleted HeLa cells also have decreased mRNA levels of MDM2 (9) . Thus, we examined mRNA expression of both MDM2 and IGF-IR in the several cell lines we used for our experiments. The level of MDM2 transcripts were correlated with mRNA level of OVA66 in both HeLa and SKOV3 cells, Figure S9 , available at Carcinogenesis Online). Based on these findings, we hypothesized that OVA66 and MDM2 are, probably, coexpressed in cancer cells. We next performed immunoprecipitation experiments to assess the ubiquitination status of IGF-1R in cells stimulated with its ligand IGF-1. In HeLa and SKOV3 cells, knockdown of OVA66 reduced IGF-1-mediated ubiquitination of IGF-1R; phospho-IGF-1R, ERK1/2 and Hsp27 were also significantly reduced ( Figure 6B) . Similarly, overexpression of OVA66 in both HO8910 and HEK293 cells enhanced IGF-1R ubiquitination following IGF-1 treatment ( Figure 6C ). Our data suggest a role for OVA66 and MDM2 in regulation of IGF-IR-ERK1/2 signaling in these cells.
Discussion
OVA66 was first identified in an ovarian cancer cDNA expression library (7) . It functions as an oncoprotein in HeLa cells, promoting proliferation, invasion and survival (9) . Here, we find that OVA66 also regulates tumorigenesis in two ovarian cancer cell lines, SKOV3 and HO8910. Stable knockdown of OVA66 in SKOV3 cells inhibited cell growth both in vitro and in vivo; invasion was also attenuated, and apoptosis in response to either nutrient deprivation or 5-fluorouracil treatment was increased. Overexpression of OVA66 in HO8910 led to consistent findings. We next investigated the signaling molecules that might act downstream of OVA66 using high-throughput RTK and MAPK antibody arrays. Following OVA66 depletion by shRNA, we identified several molecules whose phosphorylation was reduced, including IGF-1R, ERK1/2, Hsp27, ELK-1, Pyk2, ASK1, c-Kit, c-jun N-terminal kinase and activating transcription factor 2. Thus, OVA66 is associated with activation of several signaling molecules implicated in tumor development.
As is currently reported, active IGF-1R and its downstream signaling play a critical role in cell growth, metastasis and resistance to chemotherapy and targeted drugs (10, 24, 25) . High levels of Hsp27 have been reported in many cancers, including breast (26), ovarian (27) , and prostate (28) . Additionally, phosphorylation of Hsp27 is associated with tumor cell migration, invasion and survival (29) (30) (31) (32) . The transcription factor ELK-1 can be phosphorylated by ERK1/2 in response to serum or growth factors and mediates expression of a number of genes, including the proto-oncogene c-fos (33, 34) . Protein tyrosine kinase Pyk2 is part of the MAPK signaling pathway and plays a critical role in regulating cancer cell motility and invasion (35) (36) (37) . ASK1 plays a causal role in cell death induced by a number OVA66 increases cell growth, invasion and survival of stimuli (38, 39) ; however, phosphorylation of ASK1 at serine 83 attenuates ASK1-induced apoptosis and promotes cell survival (40) . The c-Kit proto-oncogene encodes a transmembrane tyrosine kinase receptor; it is aberrantly expressed in several cancers and correlates with poor prognosis (41) . Additionally, c-Kit activation protects cancer cells from apoptosis and enhances their invasive potential (42, 43) . Activating transcription factor 2 has been shown to be oncogenic by increasing expression of target genes, such as cyclinD1, MMP-2, cytokines, E-selectin and bcl-2 (44, 45) . In this study, our experimental results unmasked a critical role of OVA66 in influencing the IGF-1R-ERK1/2-Hsp27 signaling in two ovarian cancer cell lines SKOV3 and HO8910, by methods of RTK and MAPK antibody arrays and additional analyses of phosphorylation of IGF-1R, ERK1/2 and Hsp27 regulated by OVA66 in both ovarian cancer cell lines examined. We subsequently blocked the IGF-1R signaling and observed that OVA66 was retarded in promoting proliferative, invasive and stress resistant potential in both ovarian carcinoma cells SKOV3 and HO8910, especially the effect of both OVA66 knockdown and IGF-1R blocking was quite similar to merely inhibiting the IGF-1R signaling, suggesting that OVA66 functioning was at least partially dependent on the activation of IGF-1R signaling. Based on these, we proposed that OVA66 was not only able to influence the IGF-1R-ERK1/2-Hsp27 signaling but also relying on the activation of IGF-1R signaling to promote tumorigenesis in two ovarian cancer cell line SKOV3 and HO8910.
Tumorigenesis arises from combined deregulation of proliferation and apoptosis (46) . In this study, we identified a novel oncoprotein, OVA66, which enhances proliferative, invasive and antiapoptotic capacity of two ovarian cancer cell lines, SKOV3 and HO8910. We also identified the correlation between OVA66 expression and IGF-1R signaling, proposing that OVA66 played an upstream role in influencing IGF-1R-ERK1/2-Hsp27 signaling and promoted tumorigenesis via IGF-1R signaling. Although, it is reported that therapies to inhibit IGF-1R action seemed to be clinically useful for the treatment of cancer (13-15), we suggested in this study that another tumor associated protein OVA66 may play a crucial part in regulating the IGF-1R hyperactivation in at least the two ovarian cancer cells SKOV3 and HO8910. However, our results of antibody arrays also identified several other signaling molecules that were inhibited after OVA66 knockdown, suggesting other pathways might be involved in OVA66 promoting the process of tumorigenesis. To further elucidate the tumorigenic role and mechanisms of OVA66 and the potentiality of OVA66 as a therapeutic target in cancer, more detailed investigations must be performed and our research on such as identifying networks of OVA66 interacting proteins (recent findings showed some heat shock proteins such as hsp47 could directly bind to OVA66), clinical correlations between expression of OVA66 and other biomarkers such as IGF-1R, other siganling pathways that might be influenced by OVA66 in different types of cancer (recent study suggested the VEGFA-KDR signaling was regulated by OVA66 in gastric cancer cells) etc. are now ongoing.
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